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(57) Abstract: A design device which designs a controller in accor- 
dance with H infinity (H oo) logic, wherein formulae of generalized 
plants and formulae of control object models which are parts of the 
generalized plants are stored in the memory unit (3). In a parameter 
calculating means comprising a frequency response calculation unit 
(4) and a scaling matrix calculation unit (5), the frequency response 
calculation unit (4) calculates the frequency responses of the control 
object models, and the scaling matrix calculation unit (5) calculates 
a scaling matrix (T) in accordance with the frequency responses of 
the control object models so that the respective gains of the control 
object models are consistent. A controller calculation unit (6) cal- 
culates the parameters of a controller by applying the scaling matrix 
(T) to the generalized plants. 
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^m'^y^ji'O^^mf}^^ ^^mLrz^^^mmm<Dmw^:/}^^^ izf^^, ^tz. mm 
mnf^(Ds^nn^f}^^ < . ^hmmti:mm'>7,y^AxhM^X'^^ti^z>HQomm 

;u 1 1 (D^^ >m^i^M^^i^ity^ >w-i^miz^y^ yi}^m^ izx^—v > 

ff T * ^ S U T cfc (.^^ Jr -r > « /JN JII ( .k D I W « « .'J\M _?)_jfi„^ )_lc:_& 
< > ^ fiS A -5 IC « , ^ (25) (w :fe ^ m a X $ II G y L u . II » . II G y l u z II - . 
• • • , II GyLuN II - CO T-«/JnM $il#5-r ^ m i n tZg^M^tlff J; < . y-f 
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II G y L u 1 II - , II G y L u 2 II » , • • • . II G y L u N II - O 4^ T ¥ *^ ffl ^ 5fc 46 ^ E 

mm^zm^x^. x^- V > ■!fn^iT (D-^^itf^ 1 mmmtmmiz^ (2 4) 



1 max 



(II <^yiwi 



'll^yi^zIL '-'l^yiwjL) 



+ 



max \l|Gy2wiil 



ll^yi"N|L 



, G 



y2wJ 



) 



-I max 

+ + 

L 



ll^y2uN|L 
(||*^yLwi|L 'll^yLwalL 



'yLwj 



IG 



yUiN 



(2 7) 



(2 7) fCiJViX, GyLwi{i04{C^-rS(Iffll>t*^^^;i/l 2<DJ#g0^1.iL 
w. ;5^e>L#e®$fJfflI»yL llGyLwj|l-«i^eBKIgcOHoo 

y ;U A ( y < > ) -e S . max ( II G y L . II - . II G y LW 2 II - , • • • , II G 
yL«-J II - ) «. HOOy II Gv.,w, 11 « . II GyL»2 II - . • • • , II G VLWJ II - 

<r)^-Qm.:km^m^-t ^ Z. t.^M.^-r ^ . HooyjUAllGvL-jll- S:2}cJ6^{-{J 
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Vwl 

yw3 



Gyiwl ^yiw3 
Gy2wi Gry2w2 *^y2w3 
Gy3wl ^y3w2 ^y3w3 




(2 8) 



ywL 




Wj 



^(2 8) \zm^X, y^,.UniLw\zn-r^mmS^iM'ey')Ul2<DtiitfT^3^^ 

0 CLtlfCcfc 0 , Hoo/;|,A II G yLwj II - ^^SLw, $(1 ^ M y « ^ * -5 d T 

^ (2 7) <fcO;^'5^-U>yff^JTO^^TN ^mtb^ :i iif}^X'^ 

:kiz. x^—^j > if'ffn T (Dm ^tdouTiai o$:^t^TiJiHj-r-i>, lai oa 
-r > A^??^i-r -5. ii g y^^ax ii 1 2 (d^^w >4»<^«:*:MTfe 

So 

— 0ioB«. mmn^=^v^ }v 1 1 (Dtf >m\i.^7r^v tx^ So e 1 0 b 

1 O^'-f >^*tt5:5^ LTti^o 01OC;5^t.5i-7!»^-S><k-5JC, (24) > (2 
7) T^-r3f5:||iEtFiJ©;^ 'ir- U > i^fTJlJT £D^^:^S(S . ^ 1 2 <0^r< >:g 

II Gywm.x II - 0 lEm^z\ty^ >m:km<DT5im) iz^y^ji i i (DS-y-r > 

y 1^ O cf {d -g- S tl -5 , Lfej5^*oT. "E^JUl 1 (^y-f ><75±# $ -5 CI t H 

-^1**^* 0 . mn^mu $fji2f a y cms yw > ^ ci fcM;^ sji^^j^^r l =bm 

StiS J: ^ {c-r-5jf^^;)^$)S. ^-CIT?. sjcHM^iJ t?{i. * S co ti *f -c ^ -g> 
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gi^nfc. i^^.^^^scsi^T^^n-s^T^jn 1. 1 2 ^&mm^mmizm.vx 
aigB5«> ^?gE^^^^mgi53 T^ai^ >c»o*^. ^ (24) , ^ ( 

2 7) ViTT.'Jr— ij ViTff ?|JT Sr^tti b, :in*n>hD — •7^m?B6'^.tii 

;#j-r'g>. n>hn-^#aia56<D®jl^ttmilliS^J<h^<|sIi;T-*-5. d-^UT 

mJt^^tZm^^f^ 2 0$l]1^*f^^r5^;U 1 2®S-'>-*-f>^>0«:*Cfflf3miO$IJll*f 

<n>i^^^^m7L. ^umm.\z%i^ ^m''m(n>m.^'A\i < ujc^iLT^fc. 
x^ii-^x.fs.ij'^h. %mz\t.. mnm.y n(r^umt)'^^w\^'^^^. mmifi^'^'^\zfs.^ 

i; ^. ^ciT-, ^nm.'&\x\t.. m.\k^\zmmwy %\zm.?)-¥iVi 

mi *%BJ(D^30^SEC«J<t:;?C^=i>ha — ^c^tS ff-.S S (D ^ fife 5: ^ f 
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n^is ^m-rzf a y (mmmm^mm^m) 2 0 ^ia^tzh(ox'$>^. ^mm 
mx-it, mmMM^mm^^2 0 (^^nns) ^mi^&m^mm^^ 1 e {7. 



(2 9) 





fSi 


0 


0 ■ 


■• 0 ■ 




0 


S2 


0 • 


•• 0 


s = 


0 


0 


S3 . 


- 0 




0 


0 


0 • 


• Sl 



w, 



^ max(Wyi , Wy2 , WyLj 



(3 0) 



(3 0) izm^x. w>.LtiL#e<DSi)^*yL iz M ^ mm MM ^X $> ^ o 
m^rfmsizj;iom\mm.mizmm&3izm^i^n=&no :zi:f}^x't 
^A\z. ^mmmx\i. -^<t^^ > h (Dm^^m 1 2 a^x^iz^w.i^rz:itiz 

e.=Se •••(31) 

.(JL-iJ__<t -^- (^3J __{3 S -(-7- )^ «-;^ i!:-(©-ck a- fC-fr^-jfi- 
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= A„x« + B„S CpXp + B„S DpjM w + B^S DpjT u - B„S r 

• • • (3 2) 



62 =CaXa +D„e 

= CaX„ + D„S CpXp + D„S DpiM w + D„S Dp2T u - D„S r 

• • • (3 3) 



dtifz^ko. it (8) , ^ (9) , ^ (10) tt^^^cocfc^fcs^is^ns 



d 






dt 







Ap 
B„S C, 



^a][xa 



0 BpiM Bp2T 

-B„S BaSDpiM BaSDp2T 



(3 4) 



r ' 1 




.22' . 





D„S Cp 



-D„S 
0 



D^S DpiM 
0 



D„S Dp2T 
I 





r ' 




w 




u 



(3 5) 



e2=KsCp C„Fp1 + [-D„S D„SDpiM D„S DpsT] w 



(3 6) 



^ (34) , ^ (35) , ^ (36) ^ K -r;KD 12 (11) CDck^C^ 



A = 



A. 

a" Cp 



P 

B„S C 



0 
Aa 



(3 7) 
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^ - ^ B ,.. B afi^^CDi -5 \zmTZ. tfj^X'^ ^, 



Bi = 



0 



BpiM 



. B, = 



Bp2T 
BaS Dp2T 



(3 8) 



rD„sCp c 



0 



.1 



. C2=LDaSCp C«J 



(3 9) 



D„ = 



D„S D„SDpiM 



0 



0 



Dl2 = 



rD„S Dp2T 



D21=L-DaS D„SDpiMj . D22=D«SDp2T 



(4 0) 



) <Diht}Uizmif^t:>-ti:, r 5^ 3 > <&fT ^ t . 3 > S □ — ^ K 7&?4^Si^ 

atw«. (1) ~^ (5) . ^ (11) . 5: (32) (40) X'mmvfz 

ms^i&m<Dm^miz^^xmmmm^xf}^7 izmm^n^, z:<Dmmmm^w 

y^Lo.m.mu..^-^MMA-yn-izM-i=>-n-^-o-^^^ 

\h^9\t. mmmm^'ff yu^m\z^ (29) . 5c (so) ^m\^^xm^nms^ 
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^WiHT^o z.(Dt^. mmmmm^w, tmmm?f-w, tx^—tj>if 

s i£:> s 7S < s = 
[m4^ifEtf»i] 

igftTv^^. a^?*-fT^Jsoat3£;^^{i. ^ (2 9) , ^ (3 0) xnmLfzf^a 
^0 . (4) J: z> izm n ^ o 

z y ' = S e 2 •••(41) 

Ztiiz^D . (9) {i;^Ci<:Oci;^fc»#iS$n^, 













( 8 ) 



S T)f^Cp S Cq 



0 



0 





■Xp- 


+ 









-SDe, SD^DpiM S D^DpsT 
0 0 I 



r 

w 
u 

(4 2) 



fztt. ^ (1 1) {c;feits/i^ ^-^ c ., c 2«;*:^(Dcfc ^ {c^-r c t j&^T'# 
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c, = 



rsD^Cp sc„ 



0 



0 



. C2=LD„Cp C„J 



(4 3) 



i^c, /\- :7 ^ — iS' D > >, D w. D2.. D aaa^^^CDJ; ^ ICg-r d i 75^*T^ ^, 

•S D^Dp2T 
I 

D21 = L- Da D^DpiMj . D22 = D„Dp2T . . .(44) 

/^^pt — ^A. B. , B 2«. ^ ( 1 2 ) . ( 1 3 ) IdS^-r i:*3 0 T'*^. 

fSttSBSatCti. ^ (1) (3) . ^ (5) (8) , ^ (10 

) ~^ (13) , ^ (41) (44) TI5i?gLfr014(D — JKffc^^>hcr) 

ft -5 ct o 13 L T *> cfc t i , , X ^ — 'J yjf T jic =k_2_T^iLP! SL^^-xJk-i, 1 



Dil = 



— i> 
0 



0 



Dl2 = 
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i% 5 umm\ 

u y ^ mx' $> ^ . mi sco^ff^gtt, m'Mn ^ t zi > h a — ^ ii f}^ i fji ^ m )i' 

^ Xtl^l 0 1, igj^fS^/^vpt — :S'l£@lgI5l 0 2 * cfc t^ES ;i/ - ^ •gS M i& # iil 

icoe^if^, pw«^x;pi 1 2 (DBMrn^x o ^ey^ji^i i i. i i 2 « 
jim^'tff ^ fz^^m <btirzh ox $> ^ o mmn ^ o m ti x ^ ^ mm & y it . t 

1 1 1 . 112c^ai:^$:SL^t)i±AcfecDt7^j:S, 
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7t«60fe<7)TS.-s>o mm e {=y-r) tJ, MUft. T f3it:> t> =l > h a — ^ 

m^) izM-r^xtitta^o 1 1 3 ammm^w . ^ m-r y u i7 x- $> o > z. 

■So 

^^\t. 0 1 7 {C:^ Ufc — /S-fty^ > h {C4oV^T, Sfl M 1^ <^ M ^: 5^ 5: S 
€r^lS=b o TffiMgiSa^W, ^ J?) , ^ ^ fit r CD jg iig 

fCcfc D 3 > h D-^O/I^pt — i5'5:SttSLTti;t, L L Tjc 75^* e. , 0 17© — )3S 
fc, I2^iiliiti£#i4<h^SL;£;;^#14«. S^. ffi S "T ^ O T* * ^ » , ^ttSf 

/cje), mmoHcor^mizmmT^ z. t:fy^xtfsi< 

:i:i-e. a (s) =s/ (s + a) i:^^Sn-5, * , sttv^^XSIS^T 

a (>o) \i&W:(Dm^x $> 1 1 sttX'^- — u>yff^JM$-^-r:7'D 

>;/i7. 1 1 6itX^—'J>ifn^n^m.'T::^ayi7. l l 7ttS;^a-'I€:at" 

^ ^zM■r ^ XtJ iiysi^. &.±(D cb ^ jjsjt: 7° v > k ri >_h □ ^^JJDjLfz_ 

n/\'7.h©JP^OMfiS;S:01 9(C^-r„ 01 9tC:foO^T. 1 1 8H3>Np — ^ 
K ^ mT y O -y i7 X' $> ^ . 
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M^<D ^y'JV izmm:f)^& -o tzO 'b^^itX^ ^ iZZl > h a - ^ K(D 
^ -^S' S^^-r -5 d t S M <h LTVi § , Hoommmmi:S.. (r, w) A^e> (z 
. . Z2 ) ST-coe^MSccDHooy ;u A (^*'f>) €r $ < T -5 Pn^ H <!: L T # A 
^ :i tfi^X'^ -TfjitD-b. t^&mmw^\t. nA'Xh^^lt, SL JflJ $|J 1± o 

(D) IS^«iiti£1ttt : ISSM r 75^ e>iill e {'S-5>f5^glI^ ( cfc 0 IE 51 fl , 
r f;)^ifi^lS:tt*- a -'W, ^miffz. r z . fCMSe^Mlgc) O H oo y 

m:km^ A (s) tLX^WfeO. dcD^MlC^^LTlA (jw) |<|W. ( 

>) $:/h$<-rn(i, ;?1-SLw;6^A-D T^T t), d M e ^ /h $ < "T -5 :i <h 75« T # , 

r -5, 

Xp=ApXp + BpiMw+Bp2Tu ••• (10 1) 

y = CpXp + DpiMw+Dp2Tu • - • (10 2) 



^(101) , ^ (102) (3*5liT, Xp{lt>i^ft. Ap , Bp,. Bp2. C 



wo 01/25861 



PCT/JPOO/06898 



28 



, , Dp.. D „2\iUmMM(D^m'^y^ A 1 1 I . 112(D/-^7^ — ■$'-V^^o 
(10 2) ^K>mm.e\t;k^(DJ:olZ^tb^Zizi)^-C^^. 

• • ♦ (10 3) 



e = y - r = CpXp + DpjMw+DpjT u - r 



Zi'=e2 •••(104) 
z i' = u •••(105) 

u>ha — ^Ktzm^m^'^mrz-^^tzib<Dm^^m^it. ^ (10 3) 

^ = AoX„ + B„e 

- A„x„ + B„CpXp + B^DpiMw + B^DpjT u - B„r • • • (10 6) 



e2 = C„x^+D„e 

= CoX„ + D^CpXp + D„DpiM w + D„Dp2T u - D„r 



(10 7) 



SC (106) , ^ (107) {C43V^T, X. tta-'I Oi^SIS. A . , B . . 

Co . Da « a I o/t ^ ^ — ^ T-*^„ &.±<D^'S:m^LTi)im^r^mim-r ^ 



dt 



■Xp- 













r A, 



0 



B„C„ A„ 

a p ot 





•Xp- 


+ 









BpiM 



BnzT 



-Ba B„DpiM B„Dp2T 



(10 8) 



r 1 




D(,(^p 






+ 


[-Da 


D^DpjM D«Dp2T- 


Z2 




0 0 








0 


0 I 



r 

w 
u 



(10 9) 
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e2 = [DaCp C„|^pj+[-D„ D,Dpi 



M D„Dp2T 



r 

w 
u 



(110) 



iC(i08),S;(i09) 



(1 10) ^ v-i jiommx-mi-rii. -A^f)^ 



G(s)= 



A Bi B2 
Ci Dii D12 

^2 ^21 ^22 



(111) 



A = 



Ap 0 
BaCp A„ 



(112) 



0 BpiM 



. B2 = 



Bp2T 
BaDpzT 



(113) 



Ci = 



0 0 



. C2=lD„Cp C„J 



(114) 



Dii = 



-Da D„DpiM 
0 0 



, D 



12 



rD„Dp2T 



D2i = t-Da D„DpiMj . D22=D„Dp2T 



(115) 



^W. <k^^f1-L. ^ (1 1 1) <D tii ti ^ izm if 
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(1 1 1) (Dthtj^tit. m 1 s izmt ^tht} z ,' , 22' t^ffl^r-s 
SP^5-<^ii:*-r-5. ckoT. St: (1 1 1) <Dny :^ — 9 C ^ . D... T> ,2f}^ ibti^b 



Q = 



Ws 0 
0 Wt 



(116) 



D — m^muif.<Dy'7 > h \znm-r^m^^<Dzi > h 020 
■d- t) © 1 7i -5 , 

# Ate < LiMP^^Ofigfuc tt^jjffl L iw < < . ^m!mm.m.^w. -p^mm^w. ^ 

^(D^^ffi'^v' )V I 1 1 ;!>^ ^) -rn T =fo 3 > h □- ^ 1^:^3 75^^^ tw^i -5 =fc ^ iris 
:t^_.^grrz ^JzM ._Jn_fe A,^.M--f>-=fc-.^-tcjra-M-^.S-fi-*-W^.-^^^ 
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L T IS ff- ^ fr -5 





[Wti 


0 


0 . 


•• 0 




0 


Wt2 


0 • 


•• 0 




0 


0 


Wt3 • 


•• 0 




0 


0 


0 . 





(117) 



m w.,. w.a, w,3, • • -w.Nfi. 'A^(oj:oiz^m^n^. 

W,, = W.2 = W.3 = W,N=(14-5)Gmax •■• (118) 

is;i±(Dmmi) mmti^fz^^, mmmmm^w . itN x^n^^i iiu^. w,n« 



T 



0 0 



0 



0 



0 0 T, 



0 0 0 



0 
0 
0 



N 



(119) 



wo 01/25861 



PCT/JPOO/06898 



32 



M = 



Ml 0 0 
0 M2 0 
0 0 M 



0 ■ 

0 

0 



(1 2 0) 



0 



0 



0 



:*:|ise^jlc*5t:t SS^fi^w, o ^ S ;^ ffi tC O T 154 T -5 . ST, ^ 



[Wsl 


0 


0 . 


0 ■ 


0 


Ws2 


0 • 


•• 0 


0 


0 


Ws3 • 


.. 0 


0 


0 


0 • 


•• W3L 



t: S (s) <!:L;^c<h^. JSSKfgtS (s) <D ^' ■< > \ 5 (jw) iTit/hSV^g, 



|S(jco-)|<-Sspec(<^>^^^^ (-l_-2-2-) 
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iS5M§BiB:s (s) it. m 2 2 tz^-rm)i^-y^(D^mm r >bmm e ^zm 
^B.mm^G is) izmmr^(DX'. mmMm(DBmm^=s: p (s) , u>h 

n-^ (D&mm^^K (s) izLfzii^. 'A^ti^n^ti^. 
S(s)=Ge,(s)=^p-^^^^ ... (123) 



*fc. m2 2iZ7^-rm}i'-zfm(Dm^mr^^iE>mmmyizm.^&mmwcGyr ( 
s ) <D J: z> \zm & n ^ o 



^y^^'^ 1 - P(s)K(s) 



(12 4) 



^ (12 3) , ^ (124) ii$SM|gcS (s) fi^^Ci^OiptzjJcJi'S^ 

S(s)=Gyr(s)- 1 •••(125) 
*liigMT?«> la 2 2 Jc^Tffl;p-:/^Oj§ig*£::^4#i±. f ^ic t) -fe k ;p - y 3^ 

OK^^ r e. SiJPa y fcM-seitMiS: G yr (s) fiAT <D i 5 tc 1 i)^:iin#tt 

-eifiiKLT. mmm&iGyr (S) Ott^t t LTGyr_s»ec (S) 

Gyr_spec(s)= Y^^J-:pT ' * ' (12 6) 



iC (12 6) tC^Jt^X. T,L(iLS@0$i|pPtty>. {dMT'SPtjg^-e^'So 
(12 5) CDGvr (s) Of^tJOfr^: (12 6) ®G>r_,pec (s) ^rfflli-Si. 

:;*:ic:(D cfc ^ /ccSiJi^ti:*^ s spec (s) /i>^#^)n^. 

Sspec(s)=- ^^^g^^ 1 • • • (12 7) 

ck 3 (c ^ ^ t" -5 , 
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^'''"^'s-^^'-T::^ •••(12 8) 

ilSESca^WsL* (s) a-' (s) tW.L (s) t ^£:»tt^t)-ltfc CDT 

WsL (s)= «-'(s)Wsl(s) •••(129) 
M&ita^-WsL' (s) (1 28) OJ;^{C^^r-5i, (1 22) ^ 

||Wsl'(s)S(s)||oo<1 ... (131) 

^ (13 1) it. ^ 2 2 iz^-rm)u-7^?^<Dmm.m r ibmm e izm^B^mm 

^ (mmiZit. r tzm^^m^ a - ' (s) Wsl (s) T f}^ iE> z 

. ICM^g^KS:) OHoo7;UA*M5feilTS>5C<»:*^LXli-2>. CO^i: (1 
3 1) «. lg)EMiitiE#<±^#mL^n > K D-^K©|gftft^T-fe-5, L^ctJ^ 

oT. M&ista^w.L' (s) (1 28) 0) o izmm-r ^ Z. t iZ ^ D . 
tr^^, ^ (128) ^^ji^-r-st, ^*:]ei:75^f# e. n-s, 

w '/ \ s + a -(TsL s + 1) 

W3l(s)'— • TV(s + a) • • • <13 2) 



^ (132) 0;&ja^l ^« a - ' _( s ) -5, , L o T M .,_^05. 

S^w.L (s) \i'A^(D ^ o tzmtii-r ^ :i tHj^X'^ ^ . 
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, . T^r S + 1 



(13 3) 



^ (13 3) ^f^Af^dirf-ckO, ^ (12 1) itUTO^^lzm-TZti!)^ 
T# -So 



Tsi(s + a) 
0 

0 
0 



0 

Ts2S + 1 
T,2(s +a) 

0 



0 



0 
0 

Ts3S + 1 
Ts3(s + a) 

0 



0 
0 
0 

_ TslS + 1 



sl(s +a) 



(1 3 4) 



eofijffl#tc:cboT3§igf&^/N*^^ — 5'A:'jg|5i 0 itziss^n-s, ^(Dm^m. 

T ,L(DW:^it^mmmy miznion^, i§igf&^/^^p^-iS'g^gBio2«, m 
mtt-^/-^^^ — 0 1 xtj ^ nrammwuT .L't^<Dm^m)\^ — zf& 

mm^wtiiu 1 0 3^tiiti-r^o m )u-zf&mm^nth^ i o 3«. xti^^ntz 

m^^T ^L^^ (12 6) fCf^ALT. 02 2{CS^-r^;P-^^<D^^far;5^^ 

mmmy izm^&mm^G yr (s) ^nthi>. z.n^mm^^m.m^wtii^ i o 
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